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Abstract 

We discuss the need to compare total cross-section measurements 
at LHC and HERA with each other and with available models 
in order to obtain a more precise prediction of the total hadronic 
cross-section at the future Linear Collider, thus leading to a better 
estimate of the hadronic background. 
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We discuss the need to compare total cross-section measurements at LHC and 
HERA with each other and with available models in order to obtain a more precise 
prediction of the total hadronic cross-section at the future Linear Collider, thus 
leading to a better estimate of the hadronic background. 



1 Introduction 

In order to make realistic predictions for e + e~ — > hadrons at the Linear Col- 
lider (LC), one needs to understand the role played by QCD in the energy 
dependence of total cross-sections. This will allow to reduce the large errors 
coming from the present large uncertainties in the 77 — ► hadrons and which 
affect present predictions at the LC. 

2 Hadronic Total Cross-sections 

It must be noticed that presently all total cross-sections exhibit the same gen- 
eral features, namely an initial decrease followed by a more or less gentle rise 1 , 
as shown in Fig.(l). We however lack a complete theoretical model and while 
we might be able to do a good parametrization of the proton-proton data, 
we do not know how to gauge the inherent theoretical uncertainties. This re- 
sults in further uncertainties in the photoproduction cross-section and in an 
even larger uncertainty in predictions at LC. Thus we should study in detail the 
cross-talk between future measurements of total proton-proton cross-section at 
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the LHC and a similar HERA measurement, to develop and fully understand 
what to expect at LC in terms of the hadronic background. 




Figure 1: At left, proton and photon total cross-sections; those for photons scaled by a quark 
counting factor ^ and a VMD factor. At right the total pp and pp cross-section compared 
to a QCD model with minijets in the eikonal formulation and soft gluons to soften the rise. 

The curve shown in Fig.(l) is obtained by embedding the QCD mini-jet 
cross-section in an eikonal formulation 2 

otot = 2 J d 2 b[l - eM b ^} (1) 

where we put \R ~ 0, and 

2xi = n(b, s) = Agffdsoft + A 3 g N a ]et (2) 

In this Eikonal Minijet Model (EMM), the rise is driven by the jet cross- 
section, which is calculated using current parton densities down to a minimum 
jet transverse momentum, ptmin ~ 1 -i- 2 GeV . The impact parameter distri- 
bution is the (normalized to unity) Fourier transform of the initial transverse 
momentum of the colliding partons, in leading order the valence quarks, ob- 
tained through the Bloch Nordsieck soft gluon summation 2 . This model can 
also be applied to the photo-production and 77 data. The results, for a set of 
Ptmin values, are shown in Fig. (2), with CJKL 3 parton densities. 

The EMM model with soft gluons has the virtue of reproducing the gentle 
rise with energy which characterizes the proton-proton data and is also com- 
patible with the photon data. This is not true for other models, as we show in 



3 



0.2 - Photoproduction data before HERA 

■ ZEUS 96 Preliminary 
0.18 - • H1 94 

a ZEUS 92 and 94 
0.16 - □ ZEUS BPC 95 I 



|0.14 - 



with BN resummation 



CJKLp lmin =1.6,1.8,2 GeV(red) 



10Vs(GeV) 



2000 
1800 
1600 
1400 
1200 
1000 
800 
§ 600 
^400 
200 




Phad constants! 240 



CJLK p lmin =1.6,1.8,2 GeV BN, soft from p/pbar 



■ LEP2-L3 189 GeV and 192-202 GeV 
• LEP2-OPAL189GeV 



TPC 

Desy 1984 
Desy 1986 



1^s(GeV) 10 2 



Figure 2: At left we show photoproduction data compared with the soft gluon improved 
EMM, at right the same for 77, using the same photon densities and set of ptmin values. 



Fig. (3), where a fit of the 77 data with a Regge-Pomeron type parametriza- 
tion, indicates a harder rise with energy than what is present in the proton- 
proton data. We also show the photoproduction data and compare it with the 
(i) EMM model without soft gluons 5 and with the (ii) Aspen model 6 . 



3 Conclusion 



Present Tevatron data for total cross-section lead to uncertainties when ex- 
trapolated to the LHC energies. Such uncertainties are also found in predic- 
tions for LC hadronic cross-sections which suffer from uncertainties in the 77 
cross-sections. We have emphasized that to obtain realistic estimates for the 
hadronic background at LC, we need combined model predictions for LHC as 
well as the HERA data. An example has been provided through our soft gluon 
formula for the purely hadronic as well as the 77 data. 
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Figure 3: At left we show how different power laws can be used to parametrize 77 — > hadrons 
with fit 2 corresponding to the same slope parameters as in proton-proton, fit 1 to a rising 
power characterized by e = 0.250 and fit 3 includes two rising powers, one as in proton- 
proton, and a second one with e' = 0.418. At right we show photoproduction data fitted 
through the Aspen model (with same gentle rise as proton-proton) or through the EMM 
with Form Factors for the impact-parameter distribution. 
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